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2. 2. エージェンシー 
 









‘Who’ system; Georgieff & Jeannerod, 1998)5。統合失調症の陽性症状である、思
考吹入や幻聴、あるいはさせられ体験といった症状を、様々な運動要素における自他
































れてきた。その結果、後部頭頂葉(posterior parietal cortex; PPC)、後部上側頭溝





































2. 5. MRI を用いた脳機能測定 
 








号変化を BOLD 信号（blood oxygen level dependent signal）を脳活動の反映として
捉え、画像化するのが fMRI である。BOLD 信号を鋭敏に捉える為に、通常の MRI とは
違い、fMRI では連続高速撮像法である EPI(echo planner imaging)が用いられる。fMRI
















































4. 1. 被験者 
 




残り 24 人の被験者(男性 18 名、女性６名、18～24 歳、平均年齢 21.04 歳)の実験解析
結果を報告する。本研究はヘルシンキ宣言に準拠し、また、事前に東北大学 21 世紀




4. 2. 認知課題 
 

















































4 秒間続き、その後 0.5 秒間の固視点表示を行った。被験者が対照条件の試行に繰り
返し取り組んでいる合間、以下の２種類の妨害条件を無作為に提示した。１つ目はエ
ージェンシー妨害条件 (agency violation; AGv) であり、もう１つは感覚一致妨害

























各被験者はそれぞれ 2回ずつ課題を行い、１つの課題では 150 試行 (対照条件 135
試行、妨害試行 15 試行)を用意した。したがって、総数では 300 試行 (C: 270 試行、
AGv:15 試行、SMv15 試行)を行った。その際、1つの課題で 7試行の AGv 条件と 8試行



















感覚不一致エラー課題と同じ、1 体のキャラクターと 4 つの物体が画面上に提示され
る(図２)。各試行において、キャラクターがある方向にジャンプして、その方向にあ









た。各被験者には総数 600 試行（C:480 試行、Odd:60 試行、Tg:60 試行）を提示した。
Odd 条件と Tg 条件は２つとも 10%の頻度で出現し、これはエージェンシー/感覚不一
致エラー課題における妨害条件の総割合(AGv と SMv の合計)と等しくなるよう統制し
た。各条件の提示においては、少なくとも、２つの C条件が、Odd あるいは Tg 条件の
前に提示され、Odd あるいは Tg 条件が連続で提示される事がないように配慮した。C
条件と Odd 条件間で、被験者の眼球運動と視聴覚入力を統制する為、C 条件において
キャラクターが動く方向を、150 試行ごとに変え、４方向（右上、右下、左上、左下）
全てに、同じ数の試行が割り当てられるようにした。同様に、Odd 条件においてキャ





4. 3. MRI 撮像 
 
 本研究では、東北大学 21 世紀 COE プログラム言語・認知総合科学戦略教育拠点の
所有する 1.5 テスラ MRI スキャナー(Siemens 社製、Symphony、Germany)を使用した。
fMRI として、grandient-echo echo-planer imaging (GE-EPI)法を用い EPI の撮像を
行った。EPI 画像は、全脳を撮像範囲とし、撮像条件はスライス数 33 枚、スライス厚
23 
 
3 mm、スライス間隔 0.99 mm、横断面撮像、繰り返し時間(repetition time; TR) 3000 
ms、エコー時間 (echo time; TE) 50 ms、フリップ角 90 度、撮像面範囲(field of view; 
FoV) 256x256 mm2、撮像マトリクス 64x64、ボクセルサイズ 4x4x3 mm3 とした。エー
ジェンシー/感覚不一致エラー課題では、総数 235 スキャンの撮像を行い、磁化率の
安定を図るため、最初の 4スキャンは後のデータ処理から外した。同様に、オドボー
ルスキャンでは総数 311 スキャンの撮像を行い、最初の 2スキャンを後のデータ処理
から外した。また、脳形態画像として各被験者のT1強調像をMPRAGE法(magnetization 
prepared acquisition by grandient echo)により撮像した。撮像条件は、矢状断面
像で、スライス数 160 枚、スライス厚 1.25 mm、スライス間隔 1.0 mm、TR 1900 ms、
TE 3.93 ms、フリップ角 15 度、FoV 250x250 mm2、撮像面マトリクス 179x256、ボク
セルサイズ 1.4x1.0x1.3 mm3とした。 
  
4. 4. 画像データの前処理 
 
 画像データの前処理および画像統計処理は、Statistical Parametric Mapping 5 
(SPM5; Welcome Department of Cognitive Neurology, London, UK)と MATLAB R2007a 
(Mathworks, Natick, MA, USA)にて行った。EPI 画像のデータ処理として、頭部の動







4. 5. 解析 
 





































































































































5. 3. fMRI脳機能画像解析結果 
 






















負の相関を示した(r = －0.372;  p < 0.1)。エージェンシーエラーによって、コン
トロール条件よりも活動が下がった部位では、左PPCが統計的に有意な正の相関を示














5. 3. 3. オドボールエラーに反応する脳活動領域 
 
 図6cおよび表２に、オドボールエラーに反応する脳活動領域を示す。活動は、両側




































































































































































































































































6. 6. 本研究における「エージェンシー」の厳密な定義についての補足 











































































































































































に特異的な脳活動領域として、SMA、左外側小脳、右側 PPC および EBA の活動を認め
た。オドボールエラーに対する反応としては、上記 PPC および EBA 領域の活動ピーク
に近接する領域の活動がみられた。感覚不一致エラーへの反応では、pre-SMA および
右 pSTS の活動がみられた。 




































1. Yomogida, Y., Sugiura, M., Watanabe, J., Akitsuki, Y., Sassa, Y., Sato, 
T., Matsue, Y. & Kawashima, R.: Mental visual synthesis is originated in 
the fronto-temporal network of the left hemisphere. Cerebral Cortex 14: 
1376-1383, 2004. 
2. Gallagher, S.: Philosophical conceptions of the self: implications for 
cognitive science. Trends in Cognitive Sciences 4: 14-21, 2000. 
3. Daprati, E., Franck, N., Georgieff, N., Proust, J., Pacherie, E., Dalery, 
J. & Jeannerod, M.: Looking for the agent: an investigation into 
consciousness of action and self-consciousness in schizophrenic patients. 
Cognition 65: 71-86, 1997. 
4. Newen, A. & Vogeley, K.: Self-representation: Searching for a neural 
signature of self-consciousness. Consciousness and Cognition 12: 529-543, 
2003. 
5. Georgieff, N. & Jeannerod, M.: Beyond consciousness of external reality: 
A "who" system for consciousness of action and self-consciousness. 
Consciousness and Cognition 7: 465-477, 1998. 




7. David, N., Newen, A. & Vogeley, K. 523-534 (2008). 
8. Frith, C.D., Blakemore, S.J. & Wolpert, D.M.: Abnormalities in the 
awareness and control of action. Philosophical Transactions of the Royal 
Society B-Biological Sciences 355: 1771-1788, 2000. 
9. Blakemore, S.J., Wolpert, D.M. & Frith, C.D.: Abnormalities in the 
awareness of action. Trends in Cognitive Sciences 6: 237-242, 2002. 
10. Wolpert, D.M., Ghahramani, Z. & Jordan, M.I.: AN INTERNAL MODEL FOR 
SENSORIMOTOR INTEGRATION. Science 269: 1880-1882, 1995. 
11. Wolpert, D.M.: Computational approaches to motor control. Trends in 
Cognitive Sciences 1: 209-216, 1997. 
12. Leube, D.T., Knoblich, G., Erb, M., Grodd, W., Bartels, M. & Kircher, 
T.T.J.: The neural correlates of perceiving one's own movements. 
Neuroimage 20: 2084-2090, 2003. 
13. Farrer, C., Franck, N., Georgieff, N., Frith, C.D., Decety, J. & Jeannerod, 
A.: Modulating the experience of agency: a positron emission tomography 
study. Neuroimage 18: 324-333, 2003. 
14. David, N., Cohen, M.X., Newen, A., Bewernick, B.H., Shah, N.J., Fink, G.R. 
& Vogeley, K.: The extrastriate cortex distinguishes between the 
57 
 
consequences of one's own and others' behavior. Neuroimage 36: 1004-1014, 
2007. 
15. Schnell, K., Heekeren, K., Schnitker, R., Daumann, J., Weber, J., 
Hesselmann, V., Moller-Hartmann, W., Thron, A. & Gouzoulis-Mayfrank, E.: 
An fMRI approach to particularize the frontoparietal network for 
visuomotor action monitoring: Detection of incongruence between test 
subjects' actions and resulting perceptions. Neuroimage 34: 332-341, 
2007. 
16. Friedman, D., Cycowicz, Y.M. & Gaeta, H.: The novelty P3: an event-related 
brain potential (ERP) sign of the brain's evaluation of novelty. 
Neuroscience and Biobehavioral Reviews 25: 355-373, 2001. 
17. Picton, T.W., Alain, C., Otten, L., Ritter, W. & Achim, A.: Mismatch 
negativity: Different water in the same river. Audiology and Neuro-Otology 
5: 111-139, 2000. 
18. Peter Jezzard, P.M.M., Stephen M. Smith:functional MRI. Oxford University 
Press, New York, 2001;37-91. 
19. Oldfield, R.C.: ASSESSMENT AND ANALYSIS OF HANDEDNESS - EDINBURGH 
INVENTORY. Neuropsychologia 9: 97-&, 1971. 
20. Farrer, C. & Frith, C.D.: Experiencing oneself vs another person as being 
58 
 
the cause of an action: The neural correlates of the experience of agency. 
Neuroimage 15: 596-603, 2002. 
21. Yoshiura, T., Zhong, J.H., Shibata, D.K., Kwok, W.E., Shrier, D.A. & 
Numaguchi, Y.: Functional MRI study of auditory and visual oddball tasks. 
Neuroreport 10: 1683-1688, 1999. 
22. Muller, B.W., Juptner, M., Jentzen, W. & Muller, S.P.: Cortical activation 
to auditory mismatch elicited by frequency deviant and complex novel 
sounds: A PET study. Neuroimage 17: 231-239, 2002. 
23. Friston, K.J., Holmes, A., Poline, J.B., Price, C.J. & Frith, C.D.: 
Detecting activations in PET and fMRI: Levels of inference and power. 
Neuroimage 4: 223-235, 1996. 
24. Picard, N. & Strick, P.L.: Imaging the premotor areas. Current Opinion 
in Neurobiology 11: 663-672, 2001. 
25. Astafiev, S.V., Stanley, C.M., Shulman, G.L. & Corbetta, M.: Extrastriate 
body area in human occipital cortex responds to the performance of motor 
actions. Nature Neuroscience 7: 542-548, 2004. 
26. Downing, P.E., Jiang, Y.H., Shuman, M. & Kanwisher, N.: A cortical area 




27. David, N., Jansen, M., Cohen, M.X., Osswald, K., Molnar-Szakacs, I., Newen, 
A., Vogeley, K. & Paus, T.: Disturbances of self-other distinction after 
stimulation of the extrastriate body area in the human brain. Social 
Neuroscience 4: 40-48, 2009. 
28. Mushiake, H., Inase, M. & Tanji, J.: NEURONAL-ACTIVITY IN THE PRIMATE 
PREMOTOR, SUPPLEMENTARY, AND PRECENTRAL MOTOR CORTEX DURING VISUALLY 
GUIDED AND INTERNALLY DETERMINED SEQUENTIAL MOVEMENTS. Journal of 
Neurophysiology 66: 705-718, 1991. 
29. Tanji, J.: THE SUPPLEMENTARY MOTOR AREA IN THE CEREBRAL-CORTEX. 
Neuroscience Research 19: 251-268, 1994. 
30. Picard, N. & Strick, P.L.: Motor areas of the medial wall: A review of 
their location and functional activation. Cerebral Cortex 6: 342-353, 
1996. 
31. Lee, K.M., Chang, K.H. & Roh, J.K.: Subregions within the supplementary 
motor area activated at different stages of movement preparation and 
execution. Neuroimage 9: 117-123, 1999. 
32. Hoshi, E. & Tanji, J.: Differential roles of neuronal activity in the 
supplementary and presupplementary motor areas: From information 




33. Bloedel, J.R.: FUNCTIONAL-HETEROGENEITY WITH STRUCTURAL HOMOGENEITY - HOW 
DOES THE CEREBELLUM OPERATE. Behavioral and Brain Sciences 15: 666-678, 
1992. 
34. Mushiake, H. & Strick, P.L.: PREFERENTIAL ACTIVITY OF DENTATE NEURONS 
DURING LIMB MOVEMENTS GUIDED BY VISION. Journal of Neurophysiology 70: 
2660-2664, 1993. 
35. Jueptner, M. & Weiller, C.: A review of differences between basal ganglia 
and cerebellar control of movements as revealed by functional imaging 
studies. Brain 121: 1437-1449, 1998. 
36. Nakamura, K., Sakai, K. & Hikosaka, O.: Neuronal activity in medial frontal 
cortex during learning of sequential procedures. Journal of 
Neurophysiology 80: 2671-2687, 1998. 
37. Honda, M., Deiber, M.P., Ibanez, V., Pascual-Leone, A., Zhuang, P. & 
Hallett, M.: Dynamic cortical involvement in implicit and explicit motor 
sequence learning - A PET study. Brain 121: 2159-2173, 1998. 
38. van Mier, H., Tempel, L.W., Perlmutter, J.S., Raichle, M.E. & Petersen, 
S.E.: Changes in brain activity during motor learning measured with PET: 




39. Doyon, J., Gaudreau, D., Laforce, R., Castonguay, M., Bedard, P.J., Bedard, 
F. & Bouchard, J.P.: Role of the striatum, cerebellum, and frontal lobes 
in the learning of a visuomotor sequence. Brain and Cognition 34: 218-245, 
1997. 
40. Hikosaka, O., Nakahara, H., Rand, M.K., Sakai, K., Lu, X.F., Nakamura, 
K., Miyachi, S. & Doya, K.: Parallel neural networks for learning 
sequential procedures. Trends in Neurosciences 22: 464-471, 1999. 
41. Doya, K.: Complementary roles of basal ganglia and cerebellum in learning 
and motor control. Current Opinion in Neurobiology 10: 732-739, 2000. 
42. Nixon, P.D. & Passingham, R.E.: The cerebellum and cognition: cerebellar 
lesions impair sequence learning but not conditional visuomotor learning 
in monkeys. Neuropsychologia 38: 1054-1072, 2000. 
43. Giummarra, M.J., Gibson, S.J., Georgiou-Karistianis, N. & Bradshaw, J.L.: 
Mechanisms underlying embodiment, disembodiment and loss of embodiment. 
Neuroscience and Biobehavioral Reviews 32: 143-160, 2008. 
44. Lhermitte, F.: UTILIZATION BEHAVIOR AND ITS RELATION TO LESIONS OF THE 
FRONTAL LOBES. Brain 106: 237-255, 1983. 
45. Boccardi, E., Della Sala, S., Motto, C. & Spinnler, H.: Utilisation 
62 
 
behaviour consequent to bilateral SMA softening. Cortex 38: 289-308, 2002. 
46. Mellor, C.S.: FIRST RANK SYMPTOMS OF SCHIZOPHRENIA .1. FREQUENCY IN 
SCHIZOPHRENICS ON ADMISSION TO HOSPITAL .2. DIFFERENCES BETWEEN 
INDIVIDUAL FIRST RANK SYMPTOMS. British Journal of Psychiatry 117: 15-&, 
1970. 
47. Spence, S.A., Brooks, D.J., Hirsch, S.R., Liddle, P.F., Meehan, J. & Grasby, 
P.M.: A PET study of voluntary movement in schizophrenic patients 
experiencing passivity phenomena (delusions of alien control). Brain 120: 
1997-2011, 1997. 
48. Whalley, H.C., Gountouna, V.E., Hall, J., McIntosh, A., Whyte, M.C., 
Simonotto, E., Job, D.E., Owens, D.G., Johnstone, E.C. & Lawrie, S.M.: 
Correlations between fMRI activation and individual psychotic symptoms 
in un-medicated subjects at high genetic risk of schizophrenia. Bmc 
Psychiatry 7, 2007. 
49. Blakemore, S.J., Oakley, D.A. & Frith, C.D.: Delusions of alien control 
in the normal brain. Neuropsychologia 41: 1058-1067, 2003. 
50. Andreasen, N.C., Oleary, D.S., Flaum, M., Nopoulos, P., Watkins, G.L., 
Ponto, L.L.B. & Hichwa, R.D.: Hypofrontality in schizophrenia: 
Distributed dysfunctional circuits in neuroleptic-naive patients. Lancet 
63 
 
349: 1730-1734, 1997. 
51. Chua, S.E., Wright, I.C., Poline, J.B., Liddle, P.F., Murray, R.M., 
Frackowiak, R.S.J., Friston, K.J. & McGuire, P.K.: Grey matter correlates 
of syndromes in schizophrenia - A semi-automated analysis of structural 
magnetic resonance images. British Journal of Psychiatry 170: 406-410, 
1997. 
52. McIntosh, A.M., Forrester, A., Lawrie, S.M., Byrne, R., Harper, A., 
Kestelman, J.N., Best, J.J.K., Miller, P., Johnstone, E.C. & Owens, 
D.G.C.: A factor model of the functional psychoses and the relationship 
of factors to clinical variables and brain morphology. Psychological 
Medicine 31: 159-171, 2001. 
53. Koutsouleris, N., Gaser, C., Jager, M., Bottlender, R., Frodl, T., 
Holzinger, S., Schmitt, G.J.E., Zetzsche, T., Burgermeister, B., 
Scheuerecker, J., Born, C., Reiser, M., Moller, H.J. & Meisenzahl, E.M.: 
Structural correlates of psychopathological symptom dimensions in 
schizophrenia: A voxel-based morphometric study. Neuroimage 39: 1600-1612, 
2008. 
54. Nenadic, I., Sauer, H. & Gaser, C.: Distinct pattern of brain structural 
deficits in subsyndromes of schizophrenia delineated by psychopathology. 
64 
 
Neuroimage 49: 1153-1160, 2010. 
55. Whitford, T.J., Farrow, T.F.D., Williams, L.M., Gomes, L., Brennan, J. 
& Harris, A.W.F.: Delusions and dorso-medial frontal cortex volume in 
first-episode schizophrenia: A voxel-based morphometry study. Psychiatry 
Research-Neuroimaging 172: 175-179, 2009. 
56. Haggard, P. & Whitford, B.: Supplementary motor area provides an efferent 
signal for sensory suppression. Cognitive Brain Research 19: 52-58, 2004. 
57. Garavan, H., Ross, T.J., Murphy, K., Roche, R.A.P. & Stein, E.A.: 
Dissociable executive functions in the dynamic control of behavior: 
Inhibition, error detection, and correction. Neuroimage 17: 1820-1829, 
2002. 
58. Garavan, H., Ross, T.J., Kaufman, J. & Stein, E.A.: A midline dissociation 
between error-processing and response-conflict monitoring. Neuroimage 
20: 1132-1139, 2003. 
59. Hester, R., Fassbender, C. & Garavan, H.: Individual differences in error 
processing: A review and reanalysis of three event-related fMRI studies 
using the GO/NOGO task. Cerebral Cortex 14: 986-994, 2004. 
60. Gallea, C., de Graaf, J.B., Pailhous, J. & Bonnard, M.: Error processing 
during online motor control depends on the response accuracy. Behavioural 
65 
 
Brain Research 193: 117-125, 2008. 
61. Miall, R.C. & Wolpert, D.M.: Forward models for physiological motor 
control. Neural Networks 9: 1265-1279, 1996. 
62. Wolpert, D.M., Miall, R.C. & Kawato, M.: Internal models in the cerebellum. 
Trends in Cognitive Sciences 2: 338-347, 1998. 
63. Tseng, Y.W., Diedrichsen, J., Krakauer, J.W., Shadmehr, R. & Bastian, 
A.J.: Sensory prediction errors drive cerebellum-dependent adaptation of 
reaching. Journal of Neurophysiology 98: 54-62, 2007. 
64. Blakemore, S.J., Wolpert, D.M. & Frith, C.D.: Central cancellation of 
self-produced tickle sensation. Nature Neuroscience 1: 635-640, 1998. 
65. Liu, X.G., Robertson, E. & Miall, R.C.: Neuronal activity related to the 
visual representation of arm movements in the lateral cerebellar cortex. 
Journal of Neurophysiology 89: 1223-1237, 2003. 
66. Diedrichsen, J., Hashambhoy, Y., Rane, T. & Shadmehr, R.: Neural 
correlates of reach errors. Journal of Neuroscience 25: 9919-9931, 2005. 
67. Tanaka, Y., Fujimura, N., Tsuji, T., Maruishi, M., Muranaka, H. & Kasai, 
T.: Functional interactions between the cerebellum and the premotor cortex 
for error correction during the slow rate force production task: an fMRI 
study. Experimental Brain Research 193: 143-150, 2009. 
66 
 
68. Bastian, A.J.: Learning to predict the future: the cerebellum adapts 
feedforward movement control. Current Opinion in Neurobiology 16: 645-649, 
2006. 
69. Lindner, A., Haarmeier, T., Erb, M., Grodd, W. & Thier, P.: 
Cerebrocerebellar circuits for the perceptual cancellation of 
eye-movement-induced retinal image motion. Journal of Cognitive 
Neuroscience 18: 1899-1912, 2006. 
70. Crutchfield, J.S., Sawaya, R., Meyers, C.A. & Moore, B.D.: POSTOPERATIVE 
MUTISM IN NEUROSURGERY - REPORT OF 2 CASES. Journal of Neurosurgery 81: 
115-121, 1994. 
71. Sirigu, A., Daprati, E., Pradat-Diehl, P., Franck, N. & Jeannerod, M.: 
Perception of self-generated movement following left parietal lesion. 
Brain 122: 1867-1874, 1999. 
72. MacDonald, P.A. & Paus, T.: The role of parietal cortex in awareness of 
self-generated movements: A transcranial magnetic stimulation study. 
Cerebral Cortex 13: 962-967, 2003. 
73. Leube, D.T., Knoblich, G., Erb, M. & Kircher, T.T.J.: Observing one's hand 
become anarchic: An fMRI study of action identification. Consciousness 
and Cognition 12: 597-608, 2003. 
67 
 
74. Farrer, C., Frey, S.H., Van Horn, J.D., Tunik, E., Turk, D., Inati, S. 
& Grafton, S.T.: The angular gyrus computes action awareness 
representations. Cerebral Cortex 18: 254-261, 2008. 
75. Spengler, S., von Cramon, D.Y. & Brass, M.: Was it me or was it you? How 
the sense of agency originates from ideomotor learning revealed by fMRI. 
Neuroimage 46: 290-298, 2009. 
76. Ungerleider, L.G. & Desimone, R.: CORTICAL CONNECTIONS OF VISUAL AREA MT 
IN THE MACAQUE. Journal of Comparative Neurology 248: 190-222, 1986. 
77. Lewis, J.W. & Van Essen, D.C.: Corticocortical connections of visual, 
sensorimotor, and multimodal processing areas in the parietal lobe of the 
macaque monkey. Journal of Comparative Neurology 428: 112-137, 2000. 
78. Hein, G., Doehrmann, O., Muller, N.G., Kaiser, J., Muckli, L. & Naumer, 
M.J.: Object familiarity and semantic congruency modulate responses in 
cortical audiovisual integration areas. Journal of Neuroscience 27: 
7881-7887, 2007. 
79. Calvert, G.A.: Crossmodal processing in the human brain: Insights from 
functional neuroimaging studies. Cerebral Cortex 11: 1110-1123, 2001. 
80. Grefkes, C., Weiss, P.H., Zilles, K. & Fink, G.R.: Crossmodal processing 
of object features in human anterior intraparietal cortex: an fMRI study 
68 
 
implies equivalencies between humans and monkeys. Neuron 35: 173-184, 
2002. 
81. Beauchamp, M.S., Lee, K.E., Argall, B.D. & Martin, A.: Integration of 
auditory and visual information about objects in superior temporal sulcus. 
Neuron 41: 809-823, 2004. 
82. Alpert, G.F., Hein, G., Tsai, N., Naumer, M.J. & Knight, R.T.: Temporal 
characteristics of audiovisual information processing. Journal of 
Neuroscience 28: 5344-5349, 2008. 
83. Menon, V., Adleman, N.E., White, C.D., Glover, G.H. & Reiss, A.L.: 
Error-related brain activation during a Go/NoGo response inhibition task. 
Human Brain Mapping 12: 131-143, 2001. 
84. Dosenbach, N.U.F., Visscher, K.M., Palmer, E.D., Miezin, F.M., Wenger, 
K.K., Kang, H.S.C., Burgund, E.D., Grimes, A.L., Schlaggar, B.L. & 
Petersen, S.E.: A core system for the implementation of task sets. Neuron 
50: 799-812, 2006. 
85. Fink, G.R., Marshall, J.C., Halligan, P.W., Frith, C.D., Driver, J., 
Frackowiak, R.S.J. & Dolan, R.J.: The neural consequences of conflict 
between intention and the senses. Brain 122: 497-512, 1999. 
86. Balslev, D., Nielsen, F.A., Lund, T.E., Law, I. & Paulson, O.B.: Similar 
69 
 
brain networks for detecting visuo-motor and visuo-proprioceptive 
synchrony. Neuroimage 31: 308-312, 2006. 
87. Fourneret, P., Paillard, J., Lamarre, Y., Cole, J. & Jeannerod, M.: Lack 
of conscious recognition of one's own actions in a haptically deafferented 
patient. Neuroreport 13: 541-547, 2002. 
88. Farrer, C., Franck, N., Paillard, J. & Jeannerod, M.: The role of 
proprioception in action recognition. Consciousness and Cognition 12: 
609-619, 2003. 
89. Tsakiris, M., Schutz-Bosbach, S. & Gallagher, S.: On agency and 
body-ownership: Phenomenological and neurocognitive reflections. 
Consciousness and Cognition 16: 645-660, 2007. 
90. Scholz, V.H., Flaherty, A.W., Kraft, E., Keltner, J.R., Kwong, K.K., Chen, 
Y.I., Rosen, B.R. & Jenkins, B.G.: Laterality, somatotopy and 
reproducibility of the basal ganglia and motor cortex during motor tasks. 
Brain Research 879: 204-215, 2000. 
91. Farne, A. & Ladavas, E.: Dynamic size-change of hand peripersonal space 
following tool use. Neuroreport 11: 1645-1649, 2000. 
92. Jackson, S.R.: 'Action binding': dynamic interactions between vision and 
touch. Trends in Cognitive Sciences 5: 505-506, 2001. 
70 
 
93. Maravita, A., Spence, C., Kennett, S. & Driver, J.: Tool-use changes 
multimodal spatial interactions between vision and touch in normal humans. 
Cognition 83: B25-B34, 2002. 
94. Kao, K.L.C. & Goodale, M.A.: Enhanced detection of visual targets on the 
hand and familiar tools. Neuropsychologia 47: 2454-2463, 2009. 
95. Haggard, P.: Conscious intention and motor cognition. Trends in Cognitive 
Sciences 9: 290-295, 2005. 
96. Haggard, P., Clark, S. & Kalogeras, J.: Voluntary action and conscious 
awareness. Nature Neuroscience 5: 382-385, 2002. 
97. Haggard, P. & Clark, S.: Intentional action: Conscious experience and 
neural prediction. Consciousness and Cognition 12: 695-707, 2003. 
98. Wegner, D.M. & Wheatley, T.: Apparent mental causation - Sources of the 
experience of will. American Psychologist 54: 480-492, 1999. 
99. Sato, A. & Yasuda, A.: Illusion of sense of self-agency: discrepancy 
between the predicted and actual sensory consequences of actions modulates 
the sense of self-agency, but not the sense of self-ownership. Cognition 
94: 241-255, 2005. 
100. Raichle, M.E., MacLeod, A.M., Snyder, A.Z., Powers, W.J., Gusnard, D.A. 
& Shulman, G.L.: A default mode of brain function. Proceedings of the 
71 
 
National Academy of Sciences of the United States of America 98: 676-682, 
2001. 
101. Wicker, B., Ruby, P., Royet, J.P. & Fonlupt, P.: A relation between rest 
and the self in the brain? Brain Research Reviews 43: 224-230, 2003. 
102. Graybiel, A.M., Aosaki, T., Flaherty, A.W. & Kimura, M.: THE BASAL GANGLIA 
AND ADAPTIVE MOTOR CONTROL. Science 265: 1826-1831, 1994. 
103. Andersen, R.A., Snyder, L.H., Bradley, D.C. & Xing, J.: Multimodal 
representation of space in the posterior parietal cortex and its use in 
planning movements. Annual Review of Neuroscience 20: 303-330, 1997. 
104. Utter, A.A. & Basso, M.A.: The basal ganglia: An overview of circuits and 
function. Neuroscience and Biobehavioral Reviews 32: 333-342, 2008. 
105. Ferraina, S., Battaglia-Mayer, A., Genovesio, A., Archambault, P. & 
Caminiti, R.: Parietal encoding of action in depth. Neuropsychologia 47: 
1409-1420, 2009. 
106. Tsakiris, M., Hesse, M.D., Boy, C., Haggard, P. & Fink, G.R.: Neural 
signatures of body ownership: A sensory network for bodily 
self-consciousness. Cerebral Cortex 17: 2235-2244, 2007. 
107. David, N., Bewernick, B.H., Cohen, M.X., Newen, A., Lux, S., Fink, G.R., 
Shah, N.J. & Vogeley, K.: Neural representations of self versus other: 
72 
 
Visual-spatial perspective taking and agency in a virtual ball-tossing 
game. Journal of Cognitive Neuroscience 18: 898-910, 2006. 
108. Friston, K.: A theory of cortical responses. Philosophical Transactions 
of the Royal Society B-Biological Sciences 360: 815-836, 2005. 
109. Naatanen, R., Tervaniemi, M., Sussman, E., Paavilainen, P. & Winkler, I.: 
'Primitive intelligence' in the auditory cortex. Trends in Neurosciences 
24: 283-288, 2001. 
110. Escera, C., Alho, K., Schroger, E. & Winkler, I.: Involuntary attention 
and distractibility as evaluated with event-related brain potentials. 





























































  上段：各課題における正答率（％）、下段：各課題における反応時間（msec） 




































元配置分散分析の結果である(**: p < 0.01, *: p < 0.05)。SMA: 補足運動野、Cbll: 
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クラスター             
サイズ 解剖学的領域名 x y z t 値
統計推定用コントラスト           
エージェンシーエラーで活動が増加した部位：  AGv - SMv. (AGv - C)でマスク 
a 184 左外側小脳 -22 -66 -12 7.20
b 148 左補足運動野 -6 -4 52 5.80
右補足運動野 6 8 60 4.47
c 300 右下頭頂小葉 30 -72 24 5.61
52 -58 12 4.76
右外側後頭側頭領域 42 -72 12 5.18
(extrastriate body area) 
エージェンシーエラーで活動が低下した部位： C - AGv 
d 169 左下頭頂小葉 -44 -64 32 7.44
-40 -72 38 4.24
e 115 右尾状核 6 18 -2 5.07
16 26 -6 4.52
感覚不一致エラーで活動が増加した部位: (AGv - C)∩(SMv - C) 
                         (AGv - C)&(SMv - C)でマスク, (Odd - C)でマスクした領域を除外  
f 1411 右下前頭回 50 12 14 8.15
50 18 6 7.47
右前部島皮質 28 24 -2 7.58
g 744 左前部島皮質 -38 24 -2 7.42
-36 16 -4 7.21
-46 6 -4 5.30
h 237 左下前頭回 -52 12 10 6.68
-48 16 18 6.09
-48 6 16 4.57
i 143 左下頭頂小葉 -46 -44 40 5.59
-66 -38 22 5.56
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-58 -38 32 4.12
j 300 右前補足運動野 4 22 54 4.89
右前部帯状皮質 8 24 34 4.88
14 20 40 4.51
k 118 右中側頭回/後部上部側頭溝 66 -46 4 4.80
右中側頭回 60 -42 -4 4.75
       56 -34 -2 4.10
エージェンシーエラー、感覚不一致エラーに反応して有意な活動を示した脳活動領域を示す。 
有意性は、危険率(p 値)0.1%以下で算定し、クラスターサイズによる多重比較補正を危険率 5%以下で算定 
サイズ：1つの脳活動クラスターに含まれるボクセル数  
ｔ値：脳活動領域のピークボクセルの最大 t値 
















表 2. オドボールエラー課題での脳活動領域 
クラスター             
サイズ 解剖学的領域名 x y z t 値 
統計推定用コントラスト           
オドボールエラー: Odd - C 
a 2922 左下頭頂小葉 -58 -26 26 9.04 
左中後頭回 -42 -70 8 7.49 
左下頭頂小葉 -32 -44 48 6.53 
b 579 右中心前回 32 -10 56 7.86 
42 2 38 7.02 
42 -12 56 4.23 
c 767 左中心前回 -28 -6 58 7.80 
-40 -6 44 6.89 
-22 -6 68 6.68 
d 322 右舌状回 20 -74 -4 7.24 
22 -68 6 5.19 
右紡錘状回 26 -66 -6 5.76 
e 1489 右下頭頂小葉 64 -36 22 7.17 
右中側頭回 50 -44 10 6.35 
右下頭頂小葉 66 -38 14 6.20 
f 311 左紡錘状回 -28 -58 -10 6.62 
-26 -70 -8 5.98 
-38 -60 -2 3.58 
g 223 右上頭頂小葉 28 -42 48 6.42 
右下頭頂小葉 40 -40 52 6.34 
h 99 左舌状回 -16 -70 10 6.28 
i 372 右楔前部 16 -72 46 5.88 
右上頭頂小葉 26 -58 62 4.03 
右上後頭回 18 -80 36 3.74 
j 143 右下頭頂小葉 26 -70 24 5.30 
右楔部 16 -66 32 4.22 
右側頭頭頂後頭接合部 38 -74 22 3.57 
オドボールエラーに反応して有意な活動を示した脳活動領域を示す。 
有意性は、危険率(p 値)0.1%以下で算定し、クラスターサイズによる多重比較補正を危険率 5%以下で算定 
サイズ：1つの脳活動クラスターに含まれるボクセル数  
ｔ値：脳活動領域のピークボクセルの最大 t値 
 x,y,z: 脳活動領域のピークの MＮI座標(x,y,z)  
 
